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Chapter 2:  Data Preparation 
 

2.1  Introduction 

Data preparation for the IRA-WDS program involves two major steps: 

1. The creation of appropriate shape files: these are GIS files that contain the spatial 
information on all objects considered by the IRA-WDS program; and 

2. Input of additional model data: these files contain specific characteristics of the 
objects generated in the shape files. 

 

2.2  Creating shape files 

The first step in using IRA-WDS is to create a series of shape files (for ArcView). These 
shape files contain spatial information on the various objects considered by IRA-WDS. 
These include: pollution sources, water distribution systems, base maps (that is, 
infrastructure and contour maps) and environmental maps (for example, soil type, 
groundwater and so on). The shape files are generated by digitizing maps containing the 
various objects (pollution sources, water distribution systems, base maps etc.); see 
Figures 2.1 and 2.2, below. Shape files can be divided into two categories: 

• Thematic layers: base maps and environmental maps; and 
• Network databases: pollution sources and water distribution systems. 

 
As mentioned above, pollution sources and water distribution pipes are all represented as 
networks within IRA-WDS. For the purposes of modelling, the geometry of the networks 
has to be expressed as a network consisting of links and nodes. The links and nodes act as 
a framework on which all other kinds of relevant information are hung. The shape files so 
generated contain the following information: 

• Nodal shape files: Node id, x-coord, y-coord and Elevation; and 
• Link shape files: Link id, Start node, End node and Length. 
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The shape files required for IRA-WDS are as follows: 

• Sewer node and link shape files; 
• Canal node and link shape files; 
• Foul surface water body node and link shape files; and 
• Water distribution node and link shape files. 

 
Note that in the user’s working directory, each shape file generated will have  five 
separate files associated with it with the following extensions: *.shp, *.shr, *.sbx, *.spn 
and *.dbf. For example, a sewer node shape file will have five associated files.  
 
Among these five files, the most important ones are the ‘shp’ and ‘dbf’ files: 

• The ‘shp’ files are uploaded through the GIS interface to run the program; and 
• The ‘dbf’ files contain all the attribute data for nodes and links. These files are 

expanded during the data preparation stage (described in Section 2.3), to include 
specific characteristics of the nodes and links. 
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Output  
On completion of this step (creating shape-files) a number of shape files will have 
been created. These may include:  

 
Thematic Layers 

• Base maps:  
 Infrastructure – Line and Polygon shape files 
 Contour – Line shape files 

• Environmental maps: 
 Soil – Polygon shape files 
 Groundwater – Polygon shape files 
 Pressure – Polygon shape files 

 
Network databases 

• Sewer – Node and Link shape files 
• Canal – Node and Link shape files 
• Foul water body – Node and Link shape files 
• Water distribution – Node and Link shape files 

 

2.3  Input of additional model data 

2.3.1  Enclosed Excel spreadsheet (DataInput.xls) 

In this section, details of how to add additional node and link data to the shape files 
are presented. To assist in this, an Excel file has been included with IRA-WDS 
(DataInput.xls) that contains a template. Figure 2.3, below, shows example 
worksheets from the Excel file. 
 
The first thing for the user to do is to copy this Excel file into his or her working 
directory and rename it as appropriate (for example, the project name). The Excel 
spread sheet contains several worksheets to assist with data entry.  
 
The first worksheet labelled ‘General Description’ gives an overview of all the other 
worksheets and provides information on data requirements for those other worksheets 
(see Figure 2.3). Hyperlinks are provided in this worksheet to help navigate between 
the other worksheets.  
 
In addition to the General Description worksheet, there are 12 other worksheets (see 
the tabs at the bottom of the worksheet shown in Figure 2.3). In each of these 12 
worksheets, attribute data for the various objects are added by the user. On completion 
of these worksheets, the data contained in them are then transferred to the objects’ 
respective shape files (details of how this is done is given in Section 2.4). 
 
Note that this Excel spreadsheet has several columns in each worksheet, where the 
data have already been generated and stored in the shape files (in the file with 
extension dbf). These data mainly relate to the spatial location of the objects, but also 
include information related to elevation and lengths of links.  
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Therefore the authors suggest that the data from the shape files (dbf) are copied and 
pasted into the appropriate worksheet of the Excel file. 
 

 
 

Figure 2.3. Enclosed Excel file DataInput.xls 

 

2.3.2  Contaminant Ingress Model 

The data required for the Contaminant Ingress Model are as follows: 
• Pollutant sources; 
• Water distribution pipes; and 
• Environmental data (soil type and so on). 
 

2.3.2.1 Pollutant sources  

IRA-WDS considers the following pollutant sources: sewers/drains, canals and 
ponds/ditches. As described earlier, the spatial information about the pollution sources 
is contained in the generated shape files. This section provides details on how 
additional attribute data are added.  
 
Figure 2.4, below, shows the relevant worksheet for pollutant sources from the 
enclosed Excel file.  
 
 



 19

 
Figure 2.4. Worksheet for pollutant sources 

 
At this stage: 

• The Excel spreadsheet should have been saved in the user’s working directory; 
and 

• The shaded columns shown in Figures 2.5 and Figure 2.6 should be filled from 
the data in the dbf shape files (see Section 2.4).  

 

 
Figure 2.5. Link data entry for sewer  

 
The next stage is for the user to complete the remaining fields on the worksheets (that 
is, the unshaded columns of the tables in Figures 2.5 and 2.6). Tables 2.1 and 2.2, 
below, give details of the additional attributes required for link data and node data 
respectively for the sewer.  
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Figure 2.6. Node data entry for sewer 

 
 

Table 2.1. Sewer link data for Contaminant Ingress Model 

Field name Unit Description 

SEWER_DIA mm Sewer diameter 

SEEP_RATE Metre/day Seepage rate from sewer pipe 

 

Table 2.2. Sewer node data for Contaminant Ingress Model 

Field name Unit Description 

BURYDEPTH Metres Buried depth of node 

 

2.3.2.2 Water distribution system  

In addition to pollutant sources, IRA-WDS requires additional attribute data for the 
water distribution system. As described earlier, the spatial information about the water 
distribution system (WDS) is contained in the shape files generated earlier. In this 
section, details are given on how additional attribute data are added.  
 
Figure 2.7, below, shows the relevant worksheet from the enclosed Excel file for the 
water distribution system. At this stage, the shaded columns shown in Figure 2.7 
should have been filled from the data in the dbf shape files (see Section 2.4).  
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The next stage is for the user to complete the remaining fields on the worksheets (the 
unshaded columns of the table in Figure 2.7). For details, see Table 2.3. 
 

Table 2.3. WDS node data for Contaminant Ingress Model 
Field name Unit Description 

BURYDEPTH Metres Bury depth 
Z- Coordinate Metres Surface elevation 

 

 
 

Figure 2.7. Node data entry for water distribution system 

 

2.3.2.3 Environmental factors 

In addition to the pollutant sources and water distribution system, IRA-WDS requires 
information on soil characteristics. Shape files have already been constructed for soil 
data, groundwater and pressure zones. In this section, details on are given how 
additional attribute data are added. 
 
Figure 2.8, below, shows the relevant worksheet from the enclosed Excel file for soil 
characteristics. At this stage, the shaded columns shown in Figure 2.8 should have 
already been filled from the data in the dbf shape files (see Section 2.4).  
 
The next stage is for the user to complete the remaining fields on the worksheets (the 
unshaded columns of the table in Figure 2.8). For details, see Table 2.4. 
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Table 2.4. Soil data for Contaminant Ingress Model 

Field name Unit Description 

SAT_K cm/hr Saturated hydraulic conductivity 

SAT_MC  Saturated moisture content 

INI_MC  Initial moisture content 

BULK_DEN gm/cm3 Bulk density 

KOC  Soil organic carbon coefficient 

AIR_ENTRY cm Air entry head 

PORESIZE  Pore size index 

DIFF_COEFF cm2/day Diffusion coefficient 

SOIL_FOC  Soil fraction of organic content 

LIQ_DECAY per hr Liquid phase decay 

CHAR_COEFF  Soil characteristic curve coefficient 

 

 
 

Figure 2.8. Soil data entry 
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2.3.3  Pipe Condition Assessment Model 

Data requirements for the Pipe Condition Assessment Model are related to the factors 
that affect the condition of the pipe. A description of these various factors and how 
they are represented in the model can be found in Chapter 3, below. 
 
It should be noted that this model requires some data in the form of fuzzy (qualitative) 
numbers (such as link joint type, surface type, traffic load and so on) and others as 
crisp (quantitative) numbers (such as link material, diameter, length and so on). 
Therefore the data in the form of fuzzy numbers will require the user to input fuzzy 
membership functions. Table 3.1 in Chapter 3 of Book 3 shows which data is fuzzy 
and which is crisp. 
 
Figure 2.9, below, shows the relevant worksheet from the enclosed Excel file for the 
Pipe Condition Assessment Model. At this stage, the shaded columns shown in Figure 
2.9 should have already been filled from the data in the dbf shape files (see Section 
2.4) and during data preparation for the Contaminant Ingress Model. The next stage is 
for the user to complete the remaining fields on the worksheets (the unshaded 
columns in Figure 2.9 and Table 2.5).  
 

Table 2.5. WDS link data for Pipe Condition Assessment Model 

Field name Unit Description 

STRJOINT  Joint method at start node 

ENDJOINT  Joint method at end node 

MATERIAL  Material type 

TRAFFIC  Traffic load 

SURFACE  Surface type 

INTPROT  Internal protection 

EXTPROT  External protection 

BEDCOND  Bedding condition 

WORKMANS  Workmanship 

DIAMETER mm Diameter of pipe 

INSTYEAR yyyy Installation year 

LENGTH Metres Length of pipe 

STRDEPTH Metres Start node bury depth 

ENDDEPTH Metres End node bury depth 

NOCONNEC  No. of pipes joined with diameter less than minimum considered 

BREAKAGE Per year No. of breaks per year 

LEAKAGE lps Leakage rate 

VALVES  No. of valves 

DURATION Hrs/day Duration of water supply per day 

NOOPER Per day No. of times water supplied per day 
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Figure 2.9. Water distribution pipe condition assessment data 

 

2.4  Creating a dbf  

At this stage, all data for the model have been completed and entered into the Excel 
spreadsheet provided. This Excel file should have been stored in the working 
directory for the project.  
 
The next step is for the user to link the data in the Excel spreadsheet with the relevant 
shape files. In order to achieve this, each worksheet from the Excel spreadsheet must 
be saved as a dbf file with a filename identical to the relevant shape file.  
 
For example, to create the link data shape file for a water distribution system: 

1. If the name of the shape file is ‘waterpipe.shp’ 
2. In the Excel spreadsheet select the ‘WDSlink’ worksheet 
3. While this worksheet is active, do the following: 

• File – Save As: ‘waterpipe.dbf’ (this name is the same as the shape file) 
• Make sure the file is saved to the working directory (that contains the 

shape files) 
• Note: the original ‘waterpipe.dbf’ file will be overwritten with the new dbf 

file. Therefore, make sure all the information in the original dbf file has 
been copied to the new one. 
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2.5  Add shape files to GIS 

The next step is for the user to add the necessary shape files to IRA-WDS, so that the 
data can be viewed and used by the three models (the Contamination Ingress Model, 
Pipe Condition Assessment Model and Risk Assessment Model). This can be done by 

clicking on the Tool icon  which is just below the ‘Data Preparation’ menu or by 
clicking on the ‘Data Preparation’ menu and then clicking on the submenu ‘Add 
Shape Files to IRA-WDS View’, as shown in the screen below: 
 

 
 

This opens the ‘Add Theme’ form, as shown below: 
 

 
 
After the user selects the shape files to be added to the IRA-WDS View, he/she can 
click on the ‘OK’ button, which will load the shape files to the IRA-WDS View, and 
corresponding dbf files in the Table GUI of the ArcView.   
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